
CLEARINGHOUSE FOR FEDERAL SCIENTIFIC AND TECHNICAL INFORMATION CFSTI
DOCUMENT MANAGEMENT BRANCH 410.11

LIMITATIONS IN REPRODUCTION QUALITY

ACCESSION o/ t (,

B3 1. WE REGRET THAT LEGIBILITY OF THIS DOCUMENT IS IN PART
UNSATISFACTORY, REPRODUCTION HAS BEEN MADE FROM BEST
AVAILABLE COPY.

O 2. A PORTION OF THE ORIGINAL DOCUMENT CONTAINS FINE DETAIL
WHICH MAY MAKE READING OF PHOTOCOPY DIFF'CULT.

Q 3. THE ORIGINAL DOCUMENT CONTAINS COLOR, BU'6 DISTRIBUTION
COPIES ARE AVAILABLE IN BLACK-AND-WHITE REPRODUCTION
ONLY,

Q 4. THE INITIAL DISTRIBUTION COPIES CONTAIN COLOR WHICH WILL
BE SHOWN IN BLACK-AN9-WHITE WHEN IT IS NECESSARY TO
REPRINT.

Q 5. LIMITED SUPPLY ON H,.ND: WHEN EXHAUSTED, DOCUMENT WILL
BE AVAILABLE IN MICROFICHE ONLY.

Q 6. LIMITED SUPPLY Onl HAND: WHEN EXHAUSTED DOCUMENT WILL

NOT BE AVAILABLE.

Q 1. DOCUMENT IS AVAILABLE IN MICROFICHE ONLY.

Q 1. DOCUMENT AVAILABLE ON LOAN FROM CFSTI ( TT DOCUMENTS ONLY).

0'9.

PROCESSOR:

TIL-IVI-IS/64



mAS mOr AUSAMflU

3. V. Dumint ea, . sfllisko
1. 1.. ?estIfa"A. 0. V13A

Kited byP. 8mw1ing

?-1U2

25 JUly 1"S8

________OF

MICROFICHE $-0 5o

&abedtwd for pab-Uma1 In he

-~ DUr eetasmI~o

rrý I $I7ST SANTA MONI1CA *CAM08OSNIA

,6LLLM CUIPTBest Available Copy



7 -23 -58
I.

&W8 ASMU"T8 07 ASRMMAUT I C

R. W. Dwbohe1.U, S. Herrick,
3. H. Yestin, and A. 0. Wiloc

ditod by P. ver•inC

Thoe who first ventue Into space vili, unlike earlier navigators

p~mhbi "rose unexplored mes, find that much of the region to be traverse

ba bszj charted and awwshiAg of ti* charatter of both spaWe itaoif

e1A peftutial Sestinations in spaee in knwin. Buzt there is always th~e

dtfferoe betvee indlrect knmledg. and first-baud experience, and this

diftereaee unmd~~btedly will show up trench&,atly on the firvt flights into

Before entering into details, a few important basiL differences

bete• n Gpae envizment and terrestrial envtronmnt should be mntioned

and kep in minA in our Uismlions of' spa&eo First, the couf gurations

of blee in Lapse .v aever static; relative distanees are aJ.v•y1 chanting.

Seie, 09 4eseriptiem of the solar system In terms of distance# alo.e is

inadeiats. The aetros• t wat think also in term of all the orbital

elamte: the eeentrieities, th ineltnatione, the nodes, the epochs,

od the pwgbtell" as veil " th seimJor axes. The third general

difftnasm Is te relation, betve enen rgy expended wa ditamee traversed.

In sVWW this Vill be ee€#et•ly unlike anythin in t•rrestrial experience.

Furthk Is the wtter of the *sale of spaee. It is always ot difficult

te T5uOiile the !" -A m d1tasev involved. A fifth difference is

that spase tmral will be perlfas In vehicles tiesh are intermdilate in

@in be•e the small pert ies in tree ijem and the .sive pants.

"W MMeRA C'pez'tioo, 1700 WIkS Streert, Safta Mani"a, California.
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V1le the motions of the iatter are Influenced only by gravitational forces

(*vtonian and relativistic), the smakli patiales are. in addition, subject

to ingwtic, *1.ctro1&l, and radiation forces. it is to be epected that

future spate ships will, as Intermaniate-eized bodies, experilnce to some

"extent th&e effects of &-i of tiee forces.

ber* are may possible wuys to classify space-flght activities,

ez a povered and bUlistic, manned and unmanned, scientific and military,

etc. One o the most ueful of these ways is to order space flights by

flight mission.

The main categories of activities of general Interest are:

o £rth satellites

o Lunar flights

o Lnterplasnetary flights

Let us first ceonsidr the gross dimensions of these flight classes.

In the case of steiliteb the distance paxr t~r of Interest Is orbit

altitud. This can range from about 100 miles to -t.oout 1,000,000 mlles.

Beyond about 1,000,000 miles fro the earth, the sun's field vill disturb

the ve,•tale to such an extent that the term 'earth satelllte' tends to lose

Its meaniAg. ThU time parameter of interest is orbit period; this will

range fro, about 1-1/2 hours to about 8 months.

LAnar fligbt isteae" are, of cow-se, roughly the distanos from

earth to moon - about 20,000 miles. rlight times will rane generally

from about me day to one mnth or more.

Th isterplanetary theater starts at a distanc* frvm the earth of

about 1,000,000 miles and eteads to the orbit of Pluto, nearly ,,000,000,00

miles at maximum displ•ameat. Flighlt times would fall roughly li the range

of m Mth to %? yevar.



In the cptegory of "stellites v have tvo principal types:

o Nam-recewrsablt satellites

The am-rvevererable ea~rth satellite is now a familiar systeM. TtS

fmsibilty has been *stablish1 beyond say resonable doubt,

The meovermbis satellite is se coutrived that all or azt. -f the

"satellite Is perturbed by an on-board rocket so that it returns to the

surface of th earth.

?be! -ar flight category can be broken dovn into the follovin

principal mzetions:

o Ivtets an the soon

o Xca-4estructive l-aia on the son

o Artificial satellites of the mon

o Ciremlunar flights

Interplaustary flight would, in turn, Involve ezecution of the

"o Iat a the Da try surface. (Impact here has its usual mia.ing

a destructive co.1lision. )

"o LwA intat an the klamtary surface.

"o Sot up &a artificial satellite of the planet.

"o Orbit araund the plaet &ad return to earth.

"o t ap interplametary spac buoys.

BASIC LAWS8 OF 'M.WIAL XBAKICS

Oalwiral neehaics, *ish is the ba8is fer the deteruination of

erbite w trewtoeri in spuem, is usually thevot of as beinnln vitk



the publicatior of the Do Revolutloni~bus ty CopernicuB In P>54!, adthbough

the subject '-'%a important roots nearly two thousand year. toefox-e this late.

A scoud maior stop was ms4e by Keplor in his discovery of the 'Laws of

planetary motion (see Fig. I

1. The orbits of the planets are ellipses with the sun at orne focus.

M le line loining the planet to the sun sve*ps over equal areas in

equ~w2 intervals of Lime.

1. The sqware oil the period (kP' of a planet is proportiona~l to the

cube of Its mean distance (a, 1

nKplr thrd law the period, usu&ally designated by P', is the

length of time it takes the planet, coat, or. today, satellit, to travel

around its orbit. The sean distance, a, is somtimes called the semima or

axis (cf. Fig. 1) and it in fact the average of the greatest and least

distances, the perihelion and the apkielioc distances In hellocentric orbits,

or the perigee and apogee distaroces in gisoeentriz orbits.

Wit~h his lay of universal gruyitation and his laws ,!f motion, Nevtcc

was able to rederive the Xoplerian lave of planetary motion. In doin~g s0

he found it necessary to modify thou in significant wayus.

1. Kepler.s laws define tbe notion of a planet exactly only if It is

alone with Its sun In the universe. Ivery other obleet In the universe

wil~l disturb tbwe simple Keplerla~n mvotion, producing what we call perturbations,

in Flg. 2 we so* the effect of an extremisly 1,arge perturbation. A coast or

minor piAnet is travellnag around the sun In Keplerian orbit A. Otwb time,

vben it is crosuing the orbit of Jupiter, it finds Jupiter nearby, at J.

J',piter's attraction Is momsntiarily very large, causing the disturbed

object to be burled off towa~rd tne sun In a nev direction. Aftt~er it is



safely past Jupiter the sun's attraction again becomes predamlnt, u.

tkA object thereaf4tr travels in orbit Ii. U'f ourse the Rttrsctlon of

Jupiter is never negligible, aDd to is prorgresively -!haIzig tle orbit,

though more gradually than in the I lustration.

2. Newton showd also that Kepler's laws would be exac.t for a tvo-

body systom only if t e tvo bodies were hmooeneous In spher!c&i concentric

-yere. Because of its rotation, the e&rth Is not perfec-t'y spherlcai,

but bulýgs out at the equ•tr. The bu•ge vll.l int-oduce perturbatlyv

forces cm th moon or an artificial s6tellite. These cannot b)e resolved

into a sing.le force acting from tas center of the earth. The bulge

perturbations of the -rbit of an artificial satellite are much Larger than

the" eaued by the sun or the woon.

Other forces that may be triatd as perturbatiornas ,'hen they &zre no-

too l&are, ineludA thrust, dra. and other serodynaalc fercea, t.nd po•stbly

*le*#txrinntic forees, rade.ation pressure, and t. mAodMf1cat'cons Intro-

duo" into the gravitational field by llnste.n mechanics.

' Kepler's lawv, in Nevton's redeveleopinnt, erge &a Integrals of

tbe t.o-booy problem. nwre am mAy other sef•til integrals, of course,

an at least one of them has such a stAple form &A te be especlaCLy useful

in the solution or Interpretation of orbit problems. :t to the via-viva,

or eawrvy istgral, vhlch expresses the fact that the * of the kinetic

aA p•t•ntiail energies is consant:

S.(&1 + &2-(

1a this epatice k is the Vavitatioel coustant; P. and a, are the nas~s

of the tw bo4iea; a is the lm•jor axis; V is thea vvlocity; and r is

the diftesuee froem the focuas.
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• M oevwon ,o.4and that !n týA tvo-brxY prctilem t.he e1.pse w" iot the

oly possble orbit L ta olas and hyperclas were %Iso posstlhe or-blts.

'rhe a•t•.ton of a4irtbolas mA4* It possible for New(ton to show that the

comtS, vttch trvel IIn nearly parabolic orbits, obey the same &awe &s the

For 'llustralon, let as suppose that a ctrclre Is the orbit of a

satel-ite ocm-,vbat above the surface of the earth, with a valocIty just

"doner a,iAes per secon. :f the velocity were cut to 3 aIles per seccnd,

the satellite would fall inward on a smaJller e 11ipoe u=tll It encount.ered

the sur•'ace of "he earth. Conversely if we lncroaAe4 the velocity of our

projectile to • wiles per second, we would find that it would rise up on a

larger ellipse. :f raxt we think of the velocity as increased to 7 &1Ie@

,or second alon•g the am horisental tangent vw find that the obJlct will

travel off on & parabola, never a'owing duyn eaough to return. This

critical volocity, approxImately 7 miles per secoMa, is cal-ed the 'vlocity

of e#caps.' :t is the *am wthethr the direction of projection is horizotal,

vertleal, or cme angle In between, A velocity of ý wiles per second vo,.id

carry the pro,loctile off on a hyperbola; tilli higher velocties, on nro

nasrly rectilie•ar hyperbola].

'.e eo-oallod v.eocIty of escape applies strictly only If we neglec-t

all other fo-•ee In the field, with a velocity of miles per &*coed a

pro3ectile wourld escape, at laat texperartly, fro the eart.h, but not from

the eun. As it rece*d fro the earth, in any direction, Its %'rlocity would

quilckl.y drop off noarly to zero. But with Its geocentric vilocity nearly

zero. its helioeortric veloeity wold be nearly the sam as "hat of tne

earth, I.e., Il..I 2 &iles per secoad in a direction &yproxint.el.y at right



Ungles to the dirct!i of the a=e. And sc the escaped v*lcle vo-u'

take up a nearly circlar orbit aroLzid th#e sir closely ap-,-oxtatiný -nAt

of t•e earth .

T CM I TAILD(IwrS

A tvo-body orblt, as Iliuatr-at.d in F'g. 7 I specifiLd by SIX

consUmstkta, lctLled 'efJlunts' of the orbit. .'I~rbe of these elements

have to do vth the orientaticm of the orbit in Isptce, and requirt that

we specify s&rbitrarily a references pjlsn, and in that plarw & reference

direction. For geoceotric orbit* we use the pis.e of the earth's equator

wnd the dIrection of the vernal *q.inox. (For beliocentric orbIts the

reference plane is iisi'al y the ecliptic plane, :.e., t"e plane of the earth'a

orbit. ) 7h Intersection of the orbit plans and thA equator plazo, in

the eoceontric ca., is e&L*4 the line of modes. Tohe asce,&ing nods -I

the point at vhich the object passes from the south sl•i to tre north s'do

of th eqtuatr, and the descending nodis Ia tie point at vicz. It ;"sea

from north to south. Thr** &z.les that may be Axed for orlInttaxlci elemezats

are, tben:

i L, the longitu&* of the nod*, or the angle between the directlo"n of

ta vernal equ&inom "n the as.cen4Ing ýiods.

I, the incltnation, or the an&!* betwoen the tvo pLanes.

ci, the argmet of perigee, or the amsgle in the orbit plane betwee

tke directiomn of the ssoeadIAC node and the direction of pri4g.

I%* remotai" element& sp•lify the 511* &ad shape of the orbit and

thi time at wbit. to orbyit it at &am specified potnt. 7he" may be.

a, the &*an Jartaae or seinaJor axis.

e, the ecoentricity, hibic may be 4of*in I as the distance from the

center of the ellipse divided by the seim or axii.
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T, the time of periee passage.

These six constants are often replaeed by others in part or altogether.

For example, the orientation unit vectors, P, directed to perigee, S.

parallel to the velocity vector at perigee, and W, perpndicular to the

orbit plane atux making up a right-handed system vith P and R, are often

used as orientation elements in place of 11, , w.

PMUFMATIONS AND PRECISION

Tvo-bod,' orbits and elements are very useful if the perturbing forces

are not prohibitively large. Often the perturbing forces may be reduced

greatly by relatively simple devices. For example, the attraction of the

sun on the mcrin is approximately twice that or the earth. If the earth

and the moon vere stationary, the sun would quickly pall the nmo avay

fro= us. but most of the sun's attraction is used up in pulling the moo

into approxisDtely the sam curvilinear orbit as that of the earth. What

is left over is only about 1/100 of the earth's attraction. Consequently,

as the first approximtion, the moon's orbit around the earth is approximately

a Keplerian ellipse. A perturbation as large as 1/100th of the primary

acceleration, honver, is extremly large, and the accurate determination

of the moon's orbit is a very complicated matter.

Two well-known perturbations of satellite orbits due to an equatorial

bulge of the central body are (1) regression of the nodes and (2) advance

of the perigee. That Is, the nod*s gradually mov in a direction opposite

to that of the orbital motion, vhile the perigee gradually moves in the

sam direction a the orbital motion. Perturbatlons due to drag cause a

gradual decrease in the eccentricity and semimajor axis of an orbit. In

many eases, the magnitude of these 'secular' perturbations can be caleulated



t % otA 49gr.4Q of rramln

,orw of -,m~ -4e a*o refemnc. vtoteo~ver to ouxliýr ik". buJt

latog~r.t* the tot.%! &aic]lratlon It; ord.r toW fo!Aew 'W pith, This

ux, vitt numarlo&3. itogtration, to cialed Cw*U's nwý,had. ýIt

h" t-oasi in Iwi&r trao-ectary work aIjhot a*zcuively. A oacoM way to

LaiA.3~ y-*?ur"imo~ 'r t'o vacl- fTrm the position Fkd vvrctitý at *n~r

pciat 1:r %to *sl path tbo *lliptie oxhit t."t v~~ibe fol-oved i f at

that p~otat &.1 perturbatiens a rt s'4snty t,;P to&"s. ?be &ifftrerace3

betv*4 tb. fvtual aciteierations &axd tk. 'tvo-bod~y aceilxst iors 1In thia

oscuJatiig' *Uipse are then £ tf-'vroAo to find a correnitor. to a p"i4tiori

in the two-body orbit t~hat vtil give thq position tra the actu~al orblt.

When uumeria&1 tategrat ion is vied this aethcA I.s referred Ito as ftc s

method - It ts especially effect ivt~ vwhn t~bi perturbatimsw saal. Alftil

.time, howev1er, the pertuLrbouttons aex likely to builid 4p to suech a poln*

that a .iwv oscu1.Ating rftreate orbit must be 4etrzuintd from integrat*4

poswition aSd Velocity.

lustoed of mwking abruzpt ekhanp. fres one ri~farance orbit to aaother,

we ta mk t~itob~a~ngs gradulsly loy the **+hod of Ya~riation of pw-rsaters.

~In this NetbodX 6'A pax-_Atais that define the oeu~lating two-body orbit

&re &Lim'~d to vxry progreae i'"ny so that the oscul1ating orbit vill a~lvays

j~re the #a position wAn Yeloiity an the tvo-body orbit. The effect v'IU

tV o o~t, one of tba osCU1AtI.M a.U~pso 6rz4-.Au&ly to chao~s until -A

mer~#n imto the other orw. The variati~ons of 'Ume par~msters axe determinod

&i~rectly from the perturiaations "M vey be izntegratod numerica.d1y, or,

alterustively, by *,rlets expeasions.



Wbtn the perturbati.onis are very Large, a ithier fmcka' wthod nor the

met~bod ofrrt isti~a o~f paramters orr.rs eany *Ava~tsge ove. Covell's methiod,

&ad the laset e'houd b- used be~aa ;*. it xequ-4res .esi a&ieuiAt ian. When the

pert.,,rbation~s 5a* %xal~, k~ver, and especially wh~en t~bo tvo-bod Mation

.s very rýýpid, C7ovell 's mtliod is discAlvanrtageouxs and mvq &van be lacapable

off haadl Ing "i p-roblamx.

When perturbations ame bAndled 1,y numerlic~ Int~egration th. pirou~s

ts c~a.lled spec tal perturbatlons. Wý*n the perturbations 6,M represented by

"i les wAd integrated term by term, the process is refrrvi to as Sanra~i

,.t;turbat ions, Tod~ay wi rieter to su~ch **rlts as '?our-!or 6ories.'

Actu&*J.y the proc*ss anft4datee rourier by more than tvo th"- and yea~rs.

:n tbe Ptolemaic syston the ca~lax notions off the planets wore representArd

b-y systems of circles 'hat wre *qu1,,-SLlent to Fbarisr series.

It I* desira~ble, at tkiie poiat,, to distizguish clearly botwon two

kinds off tzra~jetory wark. 'prllai~nAry ýý.*r ffeaalibiity) trsajectari*4 anzd

preclsiam tr1ujeetories.' By preltainary trmjectaries wt aman qwalitative

tr*,)e~.rtarý* that are usofU In preliminary vitudi~ie, In wti~c.h u'A~y rough

meia~tea off ths wzount off fu~l, the duration off ffli~gt, roqxinoi guidaios

Uolrances, or similar q~uetions are desir*4. Preciaion trejcatorioz, on

tba other UMi, axv necesaery for accuarate space sa~vigtt im

Th unar 1 ligbt trsa-et~ory Illuxtratos on* off the import.A~t Iistinat ions

b.tv*n prelialnary "n precision "~rk. In pr*Ulzinry Ptudles off lunar

and cir'cu~alwr tra>actorl,As it is, poesibie to suppose tbAt thewoL is

moving with utiffoi-A velocity in a perfect circle, or that It i.s a tm

point In a rotating 'ramoawrk. In preipton vnir~, bowever, the reitatin~g

f rvmerk e~ases to be useful. In fac-t thers a"e no usfvplo Patbonatical
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wrressiaw that winl represent the gem' a peaition for so than a very

brief ia~rval. * moot tur to tables of the umise' positisug mah as

tbse Sive. in the vrwift omm teal apasb~d~s or a1mm...,

Another *m1arwtsai.ratiou in pimmisio orbit verk is the

At the present tims rmfla4 valius of tbe Wasic esmatanto are dfinitolj

requitzo befre am az '~at ballistic fligbt to tnterseat snethew

plavt *PAU be siawoesaul. Wie w4 so d, simnee S4tariee of asat?-

minisal oebervatimns home cosribute to pleittlzg the s1awas of the orbits

of pJlamts sad sate~l~it to sLK-jieA. eseuarsay or bettker, and to det~rmniqf

the ..atil pwrturbatigss of theme orbits £52155 by the owvra3 bodies in the

solar systion. Remver, I* a Liniaat factor ask". these oaents umsultablis

for ouomesfuAi plaaet-tei-plamat aalrlgtio. ftis fmWq La that vMU.

plametar7 extital dinmasiin an know to £11 wpl*5assewasrsy or better %4m

e0cprmsW4 Ia terMS Of the astrWiniCal =mit (the s*iniMj~ Otis Of the

*&Able' erit), tko astrcinwisl =it (a.*.) Itself is kboew to may about

-w part in 1%C* wbom ezpzess54 in terms of asters or feet,0 the =aitsa i

vkiak flitot &Nip~ Mut be aM.. (800ifi.o.1y, 1.9 x 10 a 1 1 a.aa.

1. 49 108 ka. )

As a six~ple examp. of %Ue effect of this unoorba~nty in thin scale of

the solar sy*a an a problem in spaoe mavigat ion, consier the trip ferm

the hwth to Tomn &.14" a m1aimm-rnz'a oibMt Makin several. simplifying~

asommptirns regarting the eo~estrivities sand insllimkirn .f the orbit. of

the bwrth and Veava, vo flad that thM uncrtaisty in the snmiaj or axis of

th' maintmm.ernug orbit wuJA be about 172,000 km or 15 diatoes of Venus;

and Oth meglesU the tining erves introdwie4. One at the f'u-t tasks of a
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f140t into Dm spm sou.A be te qý of the fundmment"

aseztra•aic bait of 1 esta. in tr" of laborattr7 standardi of leath.

Anotbor beaie eenst4wt, the gravItatismal 60onsta, is klaw to only abwt

thre sipifieant f1'wwe Am srpressed in th o.g.e, syt or any other

laboratory system of uDlts.

LUNR AND INfPLAXANY ?MI

A typical preliwinary earth-.oom trasit, trajectory 7a.te4 by auto-

matic mahiah is shswu in Fig. 4. It is platted in rotating ooordinates so

ar. angd that the earth-emw line appears to stay fixed. This coorinate

schme shovs the trajectory about &a it would apear to an observer staning

on the moon. This sa"n trajoatory is platted in inertial coordinates in

Fla. 5.

It can be onwn 1A Fig. 5 that the vehicle in this psrtieular transit

trajectory viU move in a eamtercl~okvio d 1izvotima in the initial phases

of flIght; I.e., the advance of vehicle aaular position vill be in the

sam d1•ection as Ote orbital motion of earth and mow. %ch an orbit is

referred to " a &rset =%it. An adva•tage of such as orbit is the fact

that on an capitalise an the orbital motion of the earth (in earth-moon

space) as vU uas the rotation of th earth in building mp the initial

velocity of the Vehicle.

la Fig. 5 the attrsetion of the moa can be seen ar the terminal end

of the trajectory. 1! direction of approach has becom almost a straight

line to the mnom's center.

ftb time required fer an earth4meen paag ts stroally dopeatat %Wm

initial velocity. A plot of transit time as a Ntwtim of initial velocity

is show in FI1. 6. The exact time-vs-velocity carm is, of course, somevhat
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dependent also vpen the direction of projeetion, but the dependence is

relatively slight.

This marked. dervea in flight time for a moderate velocity increase

in the low-spoed relags ags~ts that the efficieacy of aom flight missienR

can be enhanced by sacrificling som payload to increase projection velocity.

This would be true, for zauplop, in missions requiring the espenditure of

large emmts of electrical mergy during translt, or in maned flight whore

the ddamis of tautritim and a livable euviroamt grov with flight duration.

A lumar-impet flight consists simly of projectiom of a vehicle from

the earth to crash an the sunfa&e of the mm:= unchecked. Swuh a flight

wu]A typicaliy involve traversal of a trajectory like that na Figs. k and

5. Te sp•ed of the body at Loaest, relative to the omw's surface, wiil

be so Is" thea lunar o*sce velocity, and typically vould be around

10,000 ftl/se. It is conoelvble that &am sort of Lastrunwt package

coinld be mms to aurvive sucsh - impact, but the possiblities are only of

"a 5spelative sort.

A partleularly interesting payload possibility for an impaot flight Is

"a eAn* of visible light t stigai arrival. It has boee estinatcd that

s ing like 10 pomdA of flash pmr exploded an the dark half of the

balf.•-iUated msm oo Al be observable in a 21-inch rflecting telesoe.p.

TM aeuwasy rmaired ln the prejection prooeoe to predewn an impat

the visible side of the mao mast be daterniosd by trial and error, I .e.,

sinply by eapOng a greet mor of traoectories, noting locations of

ingets and aits ie Am1oes. The valm of allowable errors in speed aad

dirntiss of prejsatico ane dp•nmdet mpo the speed, directioa, and

pesition at the initial point Is the impevered trajettry. A coordinate

arrewmmt for deflning pejetilom co•ndtioms Is shea in F14. 7.
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Cmibtnations of Initial conditions that result in hit* pmasmga thrvug the

moon'a center are shown in Fig. 8. for nominal. valus

V a3ý,OQO ft/sec

7 1 l .2 de

S108 des

r 43W stat si

marked in Fig. 8, we find that alloabl.i errors in speed or Creation for

Impact oan the visible face of the moon ar about

8V . + 40 ft/soc

67 - + 0.25 dg

Th exact band of con.iti•ns for imWect, around the n•ainaI point

seosotod, is shovn in Fig. 9. Oeaerally speking, higher value of V

lead to larger allowable OV, while swiller values V 0allow greater values

of 5i Iffects of velocity errors ae illustrated in Fi. 10.

W* mwt also reoognize uw exissence of another kind of flight toler-

ance that does not ftigre in parely terrestrial fligbt activities - that of

lA.mch tim•, In addition to a fairly close tolerance o the instant of

launch, it must be recognized that the elJandar date* whaih • Ia hing is

feasible are dapondent upon the latitude of the lnch site, the r&W of

firing aziuth available, and the inclination of tbe noon's orbit relative

to tW earth's equatorial plan. These general observatless about launah-

time tlerenae apply more or lss directly to all of the lunar flight types

listed.

For ast equipimats, a nc-.•striaettv sMing am a solid surfaee

Implies an ppreseh to the surfae at a rather lv speed - a good dea ls@

than 10,000 ft/sec. Siace the mom bhas s approciasle &tepbhere, oeelorsation
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mont be .. ishod !by rmek proplt l•ls in the final phase of sppre"h.

The trajet•ory rovdrmosta for lunar leading axe ossatially the "w

m those for pet, 0 nt porb] for saw closer specification of

securney toleranse if a aearly rpedicular hit on the lunar surface is

as4i4 to ceomomAte the portieular loadiagpw arr•ngemet eplalo .

Landina does, haever, iwvlve anther zxteaslo of the problem boyand the

lmpt emaj. It imtrudwoe a requiremet for central of the erientatimo of

the vokiele s that the 40el.rating-roeket thrust is properly allpeod

relative to tUs lumor affvaeh volesity.

Another tigbt mission that require* rocket deftisration at the moon;

amd, bs•e, attitufs stabilimnaies, is that of estabhlihin an Asrtfitil

tellite of t•e mom. For this operation we mut proesed along a transit

tr.ajectry that imisss the ues, to pass by it at an altittda e *ul to the

*jaird atoellite altitude.

e period sad aorbital velocity of a lunar satollit, as a tiArtion of

rwbit altitad. is shevm ln ni-. U. It Is seen that for re*4awAly close

satellites, orbital veloeity falls in the visieity of 500O ft/s... aiage

the velsoity of the vehile l.a its transit trajectory vill be of the order

of 10,000 ft/se. mar the mom, it is apparat that a velocity reducti f

wmoud VW ft/see is ro*Saiz to sot up a lumr satelitte.

Te proJeection earsey reqaired ik tkhs oper•Uin does not differ

lk.tly fom that requirm4 to lunr is .T limitin a rcursey r*ure-

int* are Adrivvd from .mai4srmtiti of two po"1ble otaxtraphies that can

Oeaa to WIe satellit: toe 10Vm M itial V0lselty Vil amWe it to eoUt#A

with the nm (?4. 1 j) tee khI a volseity Wi result in rnsartvre 'y

the *art (YU. 13 ).



7-2-c
i6

If vo vish to make an unpovered flight entirely around the moP sad

return to the earth, ve mut stay near the extreme lw end of the ecali of

lunar flight spee". in fact, vw "aat operate in the region betvwOn about

, I ad 35,i00 ft/sc omly (roeftrd to an initial position a43

ailes from the inter of the earth). 8abstanmtisliy higber initial

velocities would result in sped*a near the moom that are too high to permit

sufficient deflection of the trajectory by the son.

Within the aJlw~able range of initial velocitiex, the accuracy requLre-

mento for cirlcumunar flight are coaptrtively mod st if all we ask is

return to the earth: typically + 75 ft/oec in velocity or + 5 dog in

direction. These large toaleraces are, havever, associated with fairly

large variatios In tVe digtanee of closest appreaea to tka noon and in total

flight time. A vmriation of 10 ft/1 ee in initial velocity vwAld hange

the &istaum of closest approma, by about 1000 ailes and the total flight

time by about 2'ý hours. Hecause of this s itivity uf flight tLn to

initia&l velocity, the velocity v*l hay*ve to be centrolled to within abovt

+ 0.5 ft/soec if a returaing ciraouaar vehicle were to be recovervd vithin

th eaominestal 1xit.4 States. The&e valius of se*sitivity apply to a

trajectory with an initial velocity of about S4,900 ft/sec vhieh pase*e the

Mesa at a narest appre•eh disteane of about 4000 &l. T% .easitilities for

other trjector!'.- could Uiffer frm these by a& much as an order of magnitude

dependmit Voa the e"act v"aus of the initial conditie o.

11ere a&r five vpesial points i earth-moe. spaee, ealI" 'llbration

atesrs,' at whieb a vhiele amgit 'float at amehor' as a sort of spsie

Insy. ?earnmaagnmt of twese poimts iz the (z,y) plan, is shwo in

Fig. 14. proximate soluti•a•s to the equatim of moeti can be daeveloped

is the seighbarboe" of thebse centers of lbratton.
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We find from this solution t~hat the motioni near the strai~ght-line

eguiters of 1libratime (1, Up, and III) is unstable; becausae of the Presence

of the h~yperbolic tfatimse, a particle Lnitia1.ly near a center of libratimn

Will *voiftually move 1initiitely far awy.

For the eqilatera.-triangla points only oscillatory term appear in

the slution to the equations of motion, so it vmAid "so that we could

establish spa"e buoys at tbe triong]. points that vould stay at anchor in

earth-mom epsee for an i~ndefinite period, uantil disppiseed by external

tistarbasoes.

1z treating lumar flight we hae" been concerned vith a spAce environ-

out douiaated bty the f ies~d of twu massive bodies - the earth a&M the nown

rev~lviag in eiralee about theiLr commo center of mass. When we consider

isUtrpIlamtary flight, the wLin i'soaures of the problem ane determii~ed by

a similar kind of fligh eavirmaiat. fte difference is that the inter-

planeta:7 Moigt has more major ph&"e..

lat us runm tkroq these phasiea is a f light, say, from earth to Mars

Th first phase takes plum. in orth-soon supa. Thlep phase soon blands

isAt the as..4 phase, Awere the maln sources of influene are the earth

wan am. At a d~stauoe of a few wiUlIom miles from the earth, the tkird

phase beglas, in which the leel Wlmt1nc of subst~antial oons.uesse is

dus to the osu- As we approach Mars e entor the fourth flight pbas,"

*wo Vhe Ieles of skiof comers a"e bhrs anM the sun. In the ternizial,

or fifth, ebw vwry -e4L hr., only the fie.ld of Mars itself is important.

So ealutation of an ixatvz~l~adtaJ flight trajoctory Its very coplex,

009aw o the Maltiploiety of flight pbases with the attendaat rwqpiromt.-

tee show~in reftez'ee fruits, sqviatiins of smitlin, sesurasy ccaJLe., oc.

.owr, %1w major orseterititis af an LuterplAnortary trejectory cam be
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suimarir*•4 " fol.lov The Initial, le* of the trajestory (p.as e )

approimates a byperbala vith focus at the earth' 5 .eater; this leg (twrou~t

ph&e tvv) blends iantt a laM ellipse with fous at the sun's oenter

(phase three ); near the end (tarough pha"e four) this eLLipse blenad into

a hyperbola with fous at the center of the target plant (Pbase five ).

Landing on Mercury vvuld be similar to Iandi.g on the moc; there is

no atmosphere, so deceleration pst be acccplishe*4 by rocket. LandIngs

cc Venus, Mrs, or the earth can mks use of aerodynamic drag fer deeeleraticm.

Landings in the usual saos. "re not likely on ta ather plAnts, aime they

do not have (or probably do not have) Clearly defineo solid surfaees.

Istailiasant of an artificial satellite of ainnotr plAnet Involves

theams posible sources of failure as establisk•m•t of a lanar satellite -

te" little velocity will result im collision with the plamot. too uuoh viLLI

lead to capture by the sun. A rouzid-trip a-ou.n, say, Mare vith subseqent

return to the earth is possible by proper tra.'ectory arreagwewts.

Litrat io centers in Interplanetary spex. aze producd iy the fieAls

of the sun and a plawit, Just as they are preducd izn eartb-oo spasi by

tU fields of the earth ano= . Thus ve ishould also e able to establish

isterplanotary spoce buoys. In fcoet such buoys tlr*wA.y exist 1n naturil

fer " th, Trojan adterolds (me belov) at th eqUilaterAl.tri&ale peints

relative " the sun and Jupiter.

?or a., of thes Iaterplametary missions the Iudianoe accuracy

reui•ramr•e are far more strI-gent that for aloegouu lunar aissions.

Representative Yelotity tolerenes ure eon the order of . 1ft/sec.

Another type of interp•lnety7 mission is that of establisilg an

a.rtIficiel astori4 (artificial solar st.ilitt'



7-23-58
19

TO SFACX MW 1303N

Ow ef the mot important aspects of the sase. eavtromet deals. with

the wm,*ri*cutout of sa"se. lat us f irst camisier bodles iz the range

frem eomis dart to .k&w.mk of reek (i.e., say 20 aicruis to a fev motors)

com1my ea.U4 mtie~rolds. Figure 15, based upo the obeervati~a1 mMd

theooretioal r~mats. of the 1arvar4 Neteoar Frogre, gives the mas and site

of mtelois particles a. fumtion of the visulR. mo~ituds. Fi.gure 16

indicaeste the amber of sftah ustesroids striking the earth per day, sad the

ammbr striking a 5maeter sphere in them asgbwhobd of the erth per day.

It isot *sinated by *kippe thAt a inteaomid of amm~itWe 17, mving

w-ith a velocity of 18 ka/sec, of which about tva penr day wviU strike a

5-mater sphre, will positrate an alminus skina of 0.01 ca, Aaere*&& a

ast~eroid of magaitai 'ý, me of whiceh will strike the gphere m~ry huwlr*e

yews, wwAJA pusetrate 4.5 tao alu.4minum. .Abatrt srry '5 "yay a particle

capable of peattratimS O.k'ý si of alumiam voi.4 hi~t the sphere.

But the probability of strikiaig inotoavis 4apends up Ars" the

vai~kel tis In spa".. ?Z1gure 16 appios tU the i1m~iate mingkbborh"~ of

the earth. At greater tisatoo good 4ata an, Isek tg. *at is knon,

howere, ise that (a) the smallst tart particles (ncremeteoroida) are

01rbe in the ecliptic or aIs of the earths orbit, and (b) 'Iat

intowitis materlal 1. oeintary r~fame 44Aw is *ooq~a=L14 largely

diatribqate K1406 the or-tits of same".

lat us review sm of the oviten. far the eliptic *o~atwrot icNm *f

*ionic duet. After evouniag tvillkt, espee ia.Uy ma~r the 21st of March

ina mother latitudes a faizt topero4 band of 1i~ot *a& be segoma .xt4ag

up free the haria~m centered alsag the ecliptic.- This ban& if4 light, wh'.ic



can be photoelectrically traced th-rcAub tba complete zalght sky, Is o.L-lo4

the zodiacal1 li~ght. The color uf tAe zodia~o.A~. ligtht Is nearly the &ums a~s

that of the sun., but sho~ls &ppr~ztAatel.y K per c-ent polaiaz-iation. I%***e

otoorvat~onai facts suvgest that the zod'kci.ca i11-gt Is cau&ed .tMw wst

part by sunligbt soatteried fxt asim L. ut or neteoroid~a. palrticles at least

XC m~iarms in dla'.ter. Since 1light scattered by fret electrous is strongly

pols~riz.4, it ia probable that free eloctroinu represet a fraction of the

partic.iler preseot.. This is &Is~o s~bot~ant~at~rd by the fact that tbhe total1

ligbIL present seesa to vasry iwitn solar sacti'ri*t, being least when 'Aonizii~j

radiations tirn this our are rtt a a~nixu5. Hawowe~r, since scattering by

gas &t=&s and molecu~les &lters the color of the Ii~bt It zois,. be ctoccluLdo

that the xudlacaJ. Perticls ~except for tae i~ree electrm-rs; arm such larger

than nolecuis.

:t has Deen suggsted that tiie zodiacal Allght is an exteznuioc of the

ou1ver solar carona This idea .'a relaforced K'the fact that the corona

has a color and continu~ous spec-tr~m a64roteing with th.is ?.odlac:aLl lie~t. But

maat Interestin~g is tba canazriso of' "h bri4fltresss, &A srhovr. in ?Ug. 17.

Thi Lar of ana.l1 mtoeoroidal. particles must ertend frm the sun

veila beyond tat orbit uf the eartz. being concentratod. towar t" *c~lytiv

or 1uazaisenta. piA.ne of' tba "I&.- uyutan.

1" oa.jor concentratieon of the smllest rnteoric mterial (iro4daeing

ao vI.oval offset& Amen striking the eakrth '; Is ta te e.cliptic, Wut oth~er

conccntratioas art iint~sstiY ass~ociatod with cinto and other *1ies.

,be viuible noteers, or s~hooting stare, a-re of tva types - those associateA

vith shoven and ti~oe wrush a-re &pers&Alc. The saw~or inteors &m of

cmntsi-y orI.,in; Uhe speredles are p."LanI7 traeceabl~e to* asteprolts .
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Let us r*sY,&1 P few f %aerni-g cemots azAet n show"r,. ft

aecurato maess of hx b~ve n dstera~ius, simoe tb~y are wt *"f5i've

euou14k to eIwrt ady xvdS Sh* psrtmrttiiO rorc*s on othar b~die*.Bu

it Is *eti ited. that typimea ma ss axqý of the ordr of 10' tow• (.•aru,

appro•iAtely 10 2 1 t"S,), and the doitlis S sub that in a thouaw.

cub~it wiles ef a e*Wt'a tA.i1 tbAMre 3s its* mttr 'V~ i" Ln ciAbia imb

of a~r.

Iin 1949 Whilpple hypatMmiuA a eewet-otodel *±eAh aittisotartlriy explta3W

a groat many observvd facts about c,%sts. Whlpp1o bol~z that a comat's

mckolsus is a cayi iceberg, a porow s m~a of sol.idified paws; or !a* p),"

saw selld particles. The subattmums prowat #r l&mwuly water ice,

anwnia, sz eth~as with seme arbaxc &iaxida and cyL pan.

But what is of spectal Iterest is that on eaeh trip near the sun,

the own% Is paiLAW2 disintegrated and boayes a 'wake' of &mll salU4

psartiat and Lees. So the region of space vwer* an astrosaut is likely

to find higher thar averap• eansitiee of motearic mterial are almg the

orbit of eamts, either 'live' emamt or old disint4rated comets.

Whem.wvr the earth passes throuig ons of ttise comtary vakes a asUor

sewir results. Hundrv&s of shooting etars an observed to emerge trm a

small area of the sky cLlod the radlant, the 4.irection being datormined by

the orbit of the samt wva i.a spwe. In gemral these amlm, solid

particlAe or bits of ise, a few micreas in siz*, which caue meteor shoers

Yili 1ot au" penetrative disasters to a spee vehicle, theag they my in

tim esau oacasida•oble skin 1ttrition. It is the sparslic mtwrt eids that

am likely to *cut sulien trouble In pec flight. Those bodies are most

probably fr~mests of astaroids vtISh have resulted from collisions. Like
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cowts, noe se to hay% a de*f•nitv1y hyperbolie orbit. Hoever, these

spervaic mwtearo1d& wy bt qait ziuabl., form flrvballs, an frequmtly

striks the earth. Thay ranos frv- a few grams up to tbhisu&&v*U Pi tons

like the 1aLrp muteoritoa (or even smill a•, rolds ) A.Ah caused crater*

ik. the 3&rrI•v4r Mteor Crater I& Ariina.

Let us •v t urn br efly to sim fcta cacernizg the Uiwor pl.aUt. or

asteroids than•elves. 43-nee .r,* discovery of the first astroid cm Jauary 1"

1801, the orbits of mor~e t~nan 1,900 of tbass bodies hav, been doteradne4.

havor. their tatAl nwber muast rm Into the huwmLJds of thoumsa; it bas

been .•stimt.% that tbars are 80,000 brighter than the 19th mnguatuds &lo.

Most of the aaturolds follow orbits tiich lie betvie the orbits of Nrz

and Jupiter, oceupying a pine, in the tolAr system vhore Bode's Law Was

prvilltod a major pimuset which does aot exist. (kas asteroids depart

eonsidernbly from the an orbits. ) One fandly of axterot, is of espeia.

Interest. It occupies the equilatoru. libration point in J•iiter'a arbit

(Fig. 18). These asteroidA - known as the T'rojans - n~umber about 12, son

leoaing Jupiter, m follovIng. 3earches have been my" for possible

TroJea-type "tervids associated with the equllateral libration points in

the orbits of other planets, but noze has been f4-c .

Orbits vhowb periods am exact fractious of Jupiter'@ period arm

call" resant orbits. The offect of pertufrbatioms oan tUe resmat orbits

is to -'mer thm uwistabl and force the asA•rods into other orbits, a

faet vhiab migft be of interest to aatranwat; similar offec•t vlU operate

an earth satellites wbose periods w.r exact tfreatims of the luar period.

Thus if a selli1e were placed on an orbit with a period of sy exatly

14a ath, It vvuld aeou mve into #~ ether orbit.
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Iz reoent yawre hi•h-powno, v$4.-fielk photagrv €e telsea&ps heb

rvert4 thouans of faint mew astereids, sam of them = orbits Vhich

bring tbw clea to the earth; in 197 an asteroid sept vithin &)Cý00 ka

of the eerth, or r.iabl.y %,ia. the mo'ms dstace. Orbits are am kown

for at least ten swh objects hiaeh cam vithai the earth's orbit.

Unisate4Jy there are seeres w•e, and 9"r a period of hb=&mL' of

thoasarAx of years d*A.ialmors vith the earth nost oc-d..r

The largest asteroid (an7 the first diseovered) is Ceres with a

dismter of 7T30 k. The sizes ra. on dovu to a fev kil•m•ters, Assmin

that the ratio of refleetiam pwer te size is the same for smal asteroids

as for larg one., we have

Absolute Mmmwtt•t ....... 5.0 10.0 15.0 20.0

Disimetr (ka) ............ 270 27 2.7 0.77

Swnse nsumbe erf boties inereases by a factor of 2.7 with each magnituie,

there am pr•baly 100,000 astereifs with dieaetetr in *oe•s# of 250 meters.

It s estimt.A that all the asteroids together vweiI make up a spherical

body sbout 1000 ka in dtiasmter v-th a mws leo than ae-thomsandth the

earth ' mas.

IaterIplamtay spe~e also centaias xslooelr, atmie, and subatmic

pertieles and radiatit• ot varieus kinU.

In the acepkerte region of the terrestrial ataosphr. peat numbers f

aitr*@em, walg-, wd other peaticles ane freely orbiting as a highly tenuous

atsqeze. At kigber levels of the exoephere lighter spes sush as hydroV4

am& bolam may e*v~tIly asse a& isereeUsit7 is.rtext sentributim to

the dasity and coemp tion. ?e prertio er ionized partieles to neutral

atm will Iaeseaw to valtas .mak "a me In five, and wars at greater
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distances from the earth, obecause there will be few coll1sia.ns, beosn the

very highly ionized positive ions and neot.ve eleatro, s; tM probability

for neutr•.isation of the electric cbarges by recomblnati, vi•l be very

small. At very high levels or beyMd the atmsphere protans and electrons

vi ' 3.Uminate, together vith saearnsumtr hydrogen atims. The .eletrons

will damiate, ttther with aom ntral hydrogen atems. 7be electroa

de••ity at the base of the Wospre can ce taken as 3 X 0 7/2. Uizeat

data on the solar corea and zodiacal light suggest that the regen between

the earth and now ha an eleatron density of the order of 10 /Cmn.

The lunar gaseous atosphere may consist mainly of argon, tgether

vith carbee dioxide and sulpher dioxide and sco water vapor, but its tr•u

cmopition mad density are as yet uncertain. It is also possible that the

soon has an ionosphere with electron densities of the order of l10/02 ;

10 3
aem estimates go•es high as 10 /Cm

AMeording to the Ch&p.n-Ferraro theory of magnetic storms, corpuscular

streams of electrons and protons are emitted from active region& ea the sun,

and proceed earthwards to cause magnetic storm and arorae. Tese particles,

according to this theory and several others related to it, travel to the

earth in about a day, so that the velocity may be about 10 eu/sec.

Solar peartileos movng vith a velocity of about 1/3 that of light have

been noted to leave the sun in ame" of selar flares. (theds of ratio

astronomy have been ued in theme studies. ) During solar flares em about

six secasiom since the early 19h-'s, maiked increases in ceeowi rays hare

oeurred ever a period of hours to almost a day. On February 23, lq6, na

tacrease of 90 per cent or oe in eeeome ira detected at the ground appeared

is high latitudes of the earth. ?Me mans that the p8n.•als had m energy
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in excoss of 18 bill..a electron volts (boy ) Wfects persisted over a

period of 16 bouws or momn' l~in *Ie ray's, and fer several1 days hlig

absorption of radie wvee esased. Mw potentital extreme radiat ion hazard

like that of February 23,, 1956, apparently does net occur very often; this

sad some other large increases during flames hav* appeared only about sow

every three years.

A400k pl~actic bepsm =t o rsAi. noise from a few to thousands of

sq.yeles exists. It is believed to arise frem electron spi.raling in

manetice fields of ativa areas La distant galaxies. BowS localized areas

radiate vwr intenely, as is the region of the Crab .,ftbala.

M am aI" emite a radio noise 4ak~ Siace a black body at

em Whousmads of depres genrates .lostrunntis waves wh~oe intensity

veales with wwrlegth, there want be emission at radio fr.etwmiese as well

as in tUsd~r'Vilt the visibi. speatrum, and the iafrared. Also,

during satar flares the snem mits short bursts of radiation up to 1000 tina.

as great as Its steady teaekpoidL radiation.

Me earth I inagtte fieold in space is sueh lik, that of a sbort

POM at the earth's center, the nagmet being so directed that Its north

pole viii lie In the Someral direction of the geogaphic pales. fte oentreal

axis of this mait intersects the earth's surf ace at th. point 78.6o north

lautiad. and e90 ast imgitub, called the gem~p"l. north pele. fte

m04mti. N mit of this mwwt, taken as a very Short vagmet, Ow dpole,

va 8.06 z 10"' .etmo.p'vem aits in 1M1.

As polnut beyond the a~ eat distance r ftno te earth -a ovter,

the zoptiv flealA falls off reaor arl~y as e eUb of the distance.

Th e10trie eureats fllngt in Who Ia1-0 i er-e, believed, mostly trass leas,

WK to the main wotis field. So main field iuel~iso aloe swe bhir-
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order terms require In proesi ealsulatioms of the field in spao".

The surface manetic f iold of the sun # mot ash larger than that of

the earth, except vithin suwpoat. The field say very moevhat vit t Ws,

and a magnetic woment of the sun is itffUult to ssign. In the case of

sunspots, thers ame usm117 loaln orta and &eath unsat is pol*s in the

sunspot group. Magnetic amuts my 4e as great as or greater than valu.s

10 tine that of th vhale earth vhen spot diametrs reoah 50,0O - 60,000 kn,

with mi4etie fields of the order ,*f 500 oersteds.

uah sumspo• fields ocA ldw•ref extend well beymd Memury and

almeot to hw planes Vaw 'ith faizl.7 readily mnsurbl.e inatnsity, if

it vere met for the fact that, the solar • oara is a very good ele•tical

conucetor; as a casnequs-, elot-Aoint ic intuation tends to wilify

systematic features of the *%dim g stapot fields, ex&eK at points aoene

to the sun. Hookier, it tc xpoestod that yorticas of the satual megnetic

fields of sumaop e am a arried by Laterial within wring prmnlaeaces or the

streami eara to tk. neigbberbood of tee moon and earth vitL noasurable

iantenity of magnetic LeA. Hence, the sunspot fields ame expected t-o

exist in frqmnutAry and ba•ly organized form vithin the solar s*ytin.

The relative beating effect of Vhe hot solar corona n opM vehicles

vill be mfoglible for a lumar flight. The hbet flux fras the solar

cerm per squ•re o•stimsr of ares vill be kinetic energy of action; but

tUe hot partilels, thouh very energetic, vwold be toe f6 Na nwmer to

heat uq a astal ear? st anpreetab ly. The rnudr of protons and hydragen

ats shol b of the order of 10 to 10 4/a , so that the energy flu

would be aly 107 timr t.o m lmm slar r&itons flux of nearly two

'espom per sqre water.
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M__ uesof spame 4'11& fo.r scenet ific .xprlsatatims will g',atIlY

s" to the stock of' uciamtific knele4o, and of awuse, suab .zs.ma i0

to also mse~soary ror the navse~ful fulfilut at smy spe&in-fllbt ni"ieas.

-eakin bays*& the1S IIF vsgaiw are able to faresee suich meNJ l4peri-

viet. as, fer mample, the refinsient of basic ea otazts (planetary maesso

gravi tat ism osmatent,, dimawsa of tUe "14w systes). ?or these pVraeos

ertiflolal astavzgds (satellite. of tb* am) "An Plmutaxy eatoUltes, per~~s"

with tguepew1a equilt far sinesauto rang mad raqp-rael usawsumant,

amo se poaaibilitr.

are swmsasl otber use for art ificala astrerids. W~ t~rackima

tee±iwhso at the distaime of Yems, for Szowle, have to Perfected, &&

astooidem as an bit askift a ale". auswter san be .mA with pertrhetlem

theor as & toot part ial for reflaing tbe nu. f the planet, Astor14a

.wV71"n umdtable imtaetvintsa m stndAy the offset& of solar ps.rtisLI*

roilatim in regica of speas omote frea the pertmwv~a offewU of the

earth's maet ic fl*ai. If tLustruiat -bearing a..ro ida could be placed

in the earth' a .ruilateral-triaegle lilvraties, points, observations of the

tirestiomil pvosrt i~s of solar fiaras msad pot could be imd. AstertidAs

with midtable impact .swnts smuA ap the Aie triblaim, of a*Ur stream

in aU parts of sa"ee to 60ormidm optin seeroes for' later itetrpia~metary

vehiloloa.

Mother sort of interplanetary vsblele wwuA be an artific La). satellite

of smoher plmvit. It em~LA he poe'Do Ib to loam. a good boal abet plawts

aad their ahemzber frm sabelite sz 'lag @Utatim. A loglsal prolud

to eotU& Iaedi I an a plmmtm (theqh probably set a ines.Ity fer Hart

or gws) V"1 be Obermtma, at 'he hJehavuw of ft 1as 6"e
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'roenty bdy'as it plunged into the plAunt's ataozbere. Fran a

kznovlodV of Ito approach t~roeetary wA4 a tLm histz'n of altittW,

daoleration, and vehicle surf"* heating, tile atimooephria data sosassary

to design subseqenlt entr Ymh.LItea couiA probably be 1sterzm±o.

Vhat is the Prommt state of knowledsp ceiweruingi those moi4g1boei of

the earth?

First, Venus. Acrtuall1y very little is known about Venoma. It~s rota-

tiom period is very uncertain; sines It has no sate~lltes, its ease is

knows to only ý per cent; and sizee it is *evere4 with ops"i elmis,

aothing seneezuixg its surface. is known. Even the chamic.1 composition of

the Veaus ian atmis jher. is eastrevera tal. lArge ammaats, of seibom tiwztls

have beeI observod but no eviaenoo of wa~r or mymm. Smsbelieve that

Vezius is a dry, dbasty planet covered with an peuae dust ae".i Otbes"

bells"e tbat Vesmiw is am vast osean, and that water bas wtt been A.tected

Ina the atmophoer because@ it is always In the form of ice. ftili others

believe that the eiev.4s are forinldshyis and that Vewus Is severed vith

plasties. Thesi hypotbases are not ILI* spoeulat Lass btd are cousistet

with the obaervw~ions. It is the &tffioulty of pettlng mitable observations

that leaves the conditions as Venus so ucartais.

Below rie observations of Voma *ugps sam ru'tt~is. Riabartso bas

raeoeutly @ ludM that Venaii bas a retatias peried of from, 8 to 46 days,

with a probability of beoiag correct of 0.~5. So claims that 14 "ay r*U-trcipu

is the best noim vs.Xe. The axis, as ase'rta~iao from &loA =uriWg, is

tilted from, the Wlen of the orbit 4m~wb~ft betw~ 14 end 32 dages (art

"s ALtfferiat iz thiis respeet frow tbs osawth vM X~re). The foots that so

*Iu~erar l bulge has ever )bo obsirw4 amd that r*Aie o easurvema abwving
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a L534AY Tlwtwtica hae. born ebserviA stroaxtboon the *aa. for li.Md uans

2-9*k VMisiaa day. lot aw"M he. ', , r boei )IaPrv~t W~ be trame6 to

the feet thot &U. absarertstisi arwattricte4 to 'the mqpzt parts *f Vw

atmephuMPoherei vher mya .obehI4 d1a..1to4 ao in the earth I

a1- 'hr.

All of the.. stattme ad up to the probab~ilty that Venuo vUii be

a #*=Wuise plow%' vb riml%*4 by paiewer astramauts. NoMiM is 4sf 1.nI

%iymlIy bWA *th~ Pr,.l*& WON SlistOWSe Of ONIMIGUIS faVorabl* t life.

And at larnt ow pwimmtw esrirefos tiat TOWNs Vill be the pIaw-t

on *iL~ w we. sow likely to find life.

As to the earfth' *%a .r ao1&br, Mars,, a grsat deal mnoz is kaew.

Man, rotatee an its all& in 2ýh 373 or G..tiaLy me earth day. its wats

is iincIMA to the orbitial plain. by the same at as the earth's, wid

s.easo orfet*U similar to these of the earth are obeb.rwd.

So *m~ito an the surfawe of Mars are very similar vith regard to

tagerat'we sod prosew. to .uw~it io. so the earth Ui asia sboewi the

suraft In the stthr.Al.tboh human life could W.t surviy vi thot

eztisomi, 1*eel saw!a sa modiftat irn, the pese biiUlty of a self-

60MSaIMia oelmay ise nt r"le sat

3wk Uboo ad Asot-ibe "o Wmm appears to "e, withi e ~age sac

ver Little, if amy, wuea, there is good evi~oe (&*rived fre. onbserartion

of the NWottrn daft are &ad sesoinal oola ebaqpo) that s%:-oi~eu

life fain w ad&t%

Th malk mtWaey is Oil I uamot"l &M probably win raws"

wotl r ows W be ielmate1y obsrwod from a polion froe from thew blwrriag

Neumsof the sorth'. mbhsofe.



Alres4y, throumh the st~iy of closed swennts sal tozeratue 4ie -

tributioiis an ~Wan, kn.qwj.~ is being galmod v*hish is m&.eN1 in thus

amalye is of the o*.th' a atu~fpmao.r

bAch planet, regr4ed as a scientific £Aborstwy, offers wallaited

pose ibtlities for st~yiag physics, geology, wateorology, aboxistry, and

even life otieneo. I%,, sciaratific &tridendse fr~u the sopZoration of ape"

inhmil4, in aet teeo long a period, rvpey Um whole seet imay time aor.

It hae been noted that nearly a.ll the pbysics.1 attributes of the

eeasphere, solar aoronaa, wad lunar ataisphere a~rt so 11l-kown that it is

bighly desirable to mIt thes basic zusoarcb noo.d to remar the dioart~h

of real Imwle4ge.

Ammg the physiealeJlperimsuts t~hat xUbzt be cawuot~d (1A a4*tion to

thane t 'iacud .bre") arm the follovins:

* Weaeurvuto of the angesiticn, density, and umperatwvr i4dtbW* Laim

the path of a lImar ftigbt, and ani the noc.

* lbsuremet of x-ray and ultra-violet rediatimf VWth fllgkt

patk. Sons attention to inifrarvd rad.Iation &I"c seem uinostad.

a ~awn t of the spetru and imtemoizy of radistion at ratio

nvre~muies (a) fr'cm opae, (b) fri-n the sun, wAd (e) frsm

owaspets.

*Issenia of this gooagutit fie2IA at warims distomms wA o

possible sagetie ftie~s asceaspadq1 suarwrel wtromin and rift

eurremst. Turbulolmt magmo fielIs vithin tkw aslar eari *boud4

&Iso be masumd. So lonr magmtic field shemd be asoerta~Lad,

rlgbt dwT to the lz~ surftee.



o Oeumdo X'3 obarvatims with comters -I.mm the fl-1aýht path. Oft

the *a, dirs~t~isma ecp*eimento 4-1 bo useful is tko stud~y of

ooond wm&I~tieoi fro the swn or spwoiai sou~rces requiring precise

o Fmaots meeux'event of the luns~r sm an d grayvtatietal field,

* A =asi spsittrogrsph mE Uh mom to identify gae~s such as. argon, £UOM;

krptm embom &t*AL1M, widpkur dioxide, an~d enter v&N.p.

o 3--iuamic observaima vitk, ar witheut .Lexpf~imos, %* provide

Utformtion m Uhe la- Utntror and cposiutitn.

o sa rtnt of radieactivity at varlI..us do-7ths vithin the now.
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Fig. I - Kepler's lows
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CHANGE OF BRIGHTNESS OF THE SUN'S OUTER CORONA
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